INTRODUCTION
The McCoy Peak 7.5-minute quadrangle is centered about 35 km northeast of Mount St. Helens and 25 km west of the crest of the Cascade Range in southern Wash* ington ( fig. 1 ). Geologic maps have recently been published for the adjoining Tower Rock, French Butte, and Green* horn Buttes quadrangles (Swanson, 1989 (Swanson, , 1991 and finished but not yet published for the Blue Lake quadrangle (D.A. Swanson, unpublished map, 1991) .
The mapping and related geologic research are part of a project to tie the stratigraphy of the area near Mount St. Helens (Evarts and Ashley, 1984 , 1990a , 1990b in press a-d; Evarts and others, 1987; Swanson, 1989 Swanson, , 1991 into the now classic Tertiary stratigraphic section in the Mount Rainier-White Pass area as defined by Fiske and others (1963) and modified by Vance and others (1987) . This work will establish an improved regional geologic framework for the southern Washington Cascades and complete a geologic transect across the west side of the Cascade Range (Swanson and Evarts, 1992) . It will also support a prospective geophysical transect linking coastal Washington to the Columbia Plateau. In addition, the research will test whether a major electrical conductivity layer in the upper crust, the Southern Washington Cascades Conductor (SWCC) of Stanley and others (1987) has a recognizable influence on the geology of the area. The quadrangles being mapped lie within and astride the edge of the SWCC.
The McCoy Peak quadrangle straddles the major eastwest drainage divide that separates the west-flowing Cispus and Lewis Rivers ( fig. 2) . Most of the quadrangle is north of the divide and is drained by the Cispus River, chiefly via two major tributaries, Yellowjacket and McCoy Creeks. South of the divide drainage into the Lewis River is via Straight, French, and Quartz Creeks. Langille Ridge, Juniper Ridge, and most of the Cispus-Lewis divide are part of the Dark Divide Roadless Area in Gifford Pinchot National Forest and are accessible only by trail.
The quadrangle is underlain chiefly by late Oligocene and early Miocene volcanic deposits, both lava flows and volcaniclastic rocks, that range from basaltic andesite to rhyolite but consist dominantly of basaltic andesite and andesite. Numerous dikes and sills, chiefly of andesite and low-SiO2 dacite, cut the older rocks, and a major subvolcanic center with a radial dike and sill swarm first described in this paper occurs in the northern part of the quadrangle. Very low-grade (zeolite-facies) metamorphism pervades most of the Tertiary rocks and gives a greenish cast to many of the once-glassy volcaniclastic rocks. Propylitic alteration, local phyllic alteration, and sulfide mineralization affect two large areas and several smaller ones in the quadrangle. Quaternary flows and pyroclastic deposits, and Quaternary or Pliocene dikes, of olivine basalt and basaltic andesite occur in several places. Unconsolidated deposits related to at least one episode of late Pleistocene glaciation cover parts of the area. The quadrangle is downwind from Mount St. Helens, and tephra from eruptions of the past 50,000 years mantles most units (Mullineaux, 1986) , particularly in the southwestern part of the area.
Bedrock exposures are limited in many places, owing to dense forest cover and locally thick glacial drift, but overall the number of exposures is much greater than farther west, because of less tephra cover. Many natural exposures occur along creeks and hillsides, particularly along the unfbrested upper parts of Langille and Juniper Ridges, and combined with road cuts permit adequate determination of most stratigraphic relations.
Only small-scale (1:100,000 and smaller) reconnaissance geologic work had been done in the quadrangle before this research, except for two thesis studies of the McCoy Creek mining district (Simon, 1972; Link, 1985) . Chief among the reconnaissance mapping was that by Hammond (1980) , Korosec (1987; included in Walsh and others, 1987) , and J.G. Smith (unpublished map of the Yakima 2° sheet). The new geologic map agrees in general with these earlier studies but differs considerably in detail, particularly in the McCoy Creek area.
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ROCK SIFICA'
the three Holocene and late Pleistocene composite volcaat Goat Rocks; Southern Washington Cascades mapping has been completed recently or is planned for the ; mapping east of 122° by me.
TERMINOLOGY AND CHEMICAL CLAS-ION
I classified chemically analyzed samples according to recommendations of the IUGS Subcommission on the Systematics of Igneous Rocks (Le Bas and others, 1986) , which I slightly modified to include a field for rhyodacite ( fig. 3 ). For the total alkali contents found, the analyzed rocks car be grouped under six names: basalt (<52 per cent biisaltic andesite (52-57 per cent SiOj), andesite (57-63 per cent SiO2), dacite (63-68 per cent SiO^, rhyodacite (generally between 68 and about 72 percent SiO2; fig. 3 ), and rhyolite (generally greater than about 72 percent SiO2; fig. 3 ). These samples have the following rather consistent phenocryst assemblages ( fig. 4) , with minerals given in approximate order of decreasing abundance: basalt, ol ± pi ± cpx ± rare opx; basaltic andesite, pi ± cpx ± opx ± ol ± rare hb; andesite, pi ± cpx ± opx ± rare ol ± hb; dacite, assemblage similar to that for andesite (except for rare quartz and no olivine), but orthopyroxene is less common, and the ground mass commonly displays snowflake texture owing to high-temperature devitrification; rhyodacite and rhyolite, generally almost aphyric with pl>cpx and no quartz. Hornblende has been found only in intrusive rocks. Samples for which thin sections but no chemical analyses were available could therefore be classified on the basis of their phenocryst assemblage and groundmass texture. In all, 232 samples from the McCoy Peak quadrangle were sectioned (fig. 5); of these, 83 were chemically analyzed ( ses previously published by Korosec (1987) .
The Tertiary suite is calcic (Peacock, 1931) , with an alkali-lime index of about 62.3 ( fig. 6 ), similar to that in the adjacent mapped quadrangles (Swanson, 1989 (Swanson, , 1991 . Most analyses of Tertiary rocks, except for those of the hornblende diorite and related rocks in the intrusive suite of Kidd Creek (Marso and Swanson, 1992) , are tholeiitic on a plot of FeO*/MgO vs. SiO2 ( fig. 7) , according to the classification of Miyashiro (1974) . This pattern is similar to that in the adjacent mapped quadrangles. However, five of the seven analyses of young flows and dikes are calcalkaline ( fig. 7) , in contrast to the dominantly tholeiitic character of young basalt in previously mapped quadrangles. A plot of total alkalis vs. SiO2 (fig. 8) shows that most of the analyses are subalkaline, regardless of the classification used (that of Macdonald and Katsura [1964] or Irvine and Baragar [1971] ). Four analyses of young rocks are marginally alkaline.
A diagram of K2O vs. SiO2 shows that most rocks with SiO2 between 52 and 63 percent are medium-K mafic and silicic andesite according to Gill (1981; basaltic andesite and andesite, respectively, in IUGS terminology) ; the rest are low-K types ( fig. 9 ). 57 Td  58 Thd  59 Tbd  60 Tbfa  61 Tbdm  62 Tbd  63 Thd  64 Tbd  65 Tbd  66 Thd  67 Ta  68 Tbd  69 Tbd  70 Td  71 Thd  72 Thd  73 T«  74 Tbd  75 Thd  76 Td  77 Tvdh  78 Tvdh  79 T«  80 Td  81 Td  82 Ttv  83 Ttv At SiO2 = 57.5 percent (a value used by Gill [1981] to compare andesitic arcs throughout the world), the host rock for the intrusive suite of Kidd Creek, and the suite itself, have an average K2O content (K57J) of 1.17 and 0.76 respectively. The average FeO*/MgO ratio (FeO*/Mg57J) for each data set is 2.80 and 1.60, respectively. The values for K573 and FeO*/Mg57J were obtained by linear regression of the data in figures 9 and 7, respectively. These values are within the range given by Gill (1981, table 7 .1 and appendix) for volcanic arcs and are similar to those in the neighboring mapped quadrangles (Swanson, 1989 (Swanson, , 1991 . However, the FeO*/Mg57J value is rather high. This observation is discussed in the section, "Thickness of Oligocene and Miocene crust."
GENERAL GEOLOGY
The rocks in the quadrangle are mostly late Oligocene and early Miocene basaltic andesitic and andesite lava flows, and andesitic and dacitic volcaniclastic deposits. Rhyolite flows occur but are uncommon. Flows of andesite and basaltic andesite dominate the section except in the Map showing distribution of 234 sample localities in 'eak quadrangle, including two localities for samples by Korosec (1987) and listed in table 1.
northern third of the quadrangle, where well-bedded subaeria volcaniclastic deposits, mostly of fluvial origin, prevail. The flows are intruded by numerous dikes, some of whicl i probably fed flows. The dikes box the compass, but one trend, roughly east-west, is especially notable in the souti lern part of the quadrangle and is part of a regional (Swanson, 1990) . Tertiary section in general dips west-southwesttoward the trough of the Pole Patch syncline just the quadrangle (Swanson, 1989) (Swanson, 1991; this paper) . The age of the intrusive complex is probably about 13.5-10.5 Ma, several million years younger than any of the erupted rocks in the Tertiary section. Rocks in the complex are characteristically low in FeO*, TiO2, and MnO and thereby chemically distinct from the older rocks. The complex was intruded following a period of folding and erosion, and little if any folding occurred after the intrusive episode was complete. A possible fault paralleling Jumbo Creek may be coeval with, or younger than, the intrusive complex; a few other faults, tentatively interpreted as minor structures, are younger. Two Quaternary flows of olivine basalt and one of basaltic andesite occur in the quadrangle. At least one other olivine basalt flow is inferred on the basis of float, although no outcrop has been found. One of the flows of olivine basalt is in the northeast corner of the quadrangle, one in the southwest corner, and one (the inferred flow) is halfway between; all cover small areas and are relatively rich in KjO. The flow in the northeast corner, the basalt of Juniper Creek, includes deposits from its vent, a hydromagmatic cone. (Swanson, 1989) ; it is much more extensive than the olivine basalt and covers about 1.5 km2 along the west edge of the quadrangle. Two fresh dikes, one of olivine basalt and the other of basaltic andesite, are probably of Pleistocene or Pliocene age. Figure 8 . Plot of (Na2O + K2O) vs. SiO2 showing boundary between subalkaline and alkaline suites after Macdonald and Katsura (1964) and Irvine and Baragar (1971) . Several young basalt samples are marginally alkaline. Tertiary sample in alkaline field (table 1, no. 11) probably enriched in Na2O during alteration.
to observe these features are just southeast of Point 5526 on Juniper Ridge and just southwest of Sunrise Peak. A larger proportion of the volcaniclastic section west of Langille Ridge and north of McCoy Peak consists of pumice-lapilli tuff and pumice-lithic-lapilli tuff, although deposits clearly of fluvial origin are common and perhaps even dominant. The pumice-bearing rocks are mostly ashflow tuff, in places welded but generally nonwelded; the vitrophyric base of one welded tuff is indicated on the map, although it is much less obvious than in the adjoining French Butte quadrangle. Distal lahar deposits are more common than in the northeastern part of the quadrangle, but very thick, coarse deposits are uncommon. One particularly good leaf-fossil locality occurs low on the west side of Langille Ridge ( fig. 2 ; locality available from the author); fossils examined by Jack Wolfe (U.S. Geological Survey) include new species as well as recognizable ones that Wolfe considers more likely to be of late Oligocene than early Miocene age (J.A. Wolfe, personal commun., 1991) . This westward and up-section facies change is very gradual, and interbedding of all rock types occurs throughout the section anywhere in the northern third of the quadrangle. Such a gradual change also characterizes the volcaniclastic rocks in the Tower Rock quadrangle (Swanson, 1991 Soutd of Jumbo Creek and McCoy Peak, many of the volcaniclastic rocks are coarser and less well bedded and those farther north. Thin andesitic dia mi elites terpreied as lahars are more common, as are poorly volcanic breccia and lithic-lapilli tuff that contain a of clasts and probably were deposited by lithic tic flows. Fluvial sandstone and other well-sorted also occur but in greatly reduced proportion to the section farther north. These observations are consistent with relative proximity to eruptive centers, as independently judged by the prevalence of lava flows, dike other andesite intrusions, and attitudes inconsistent with the regional structure. Pumice-bearing tuff common, although quartz-phyric rhyolitic ash-flow only quartz-phyric tuff in the quadrangle) occurs Ic calities south of Jumbo Creek (plate 1, nos. 82 and several pumice-bearing lithic diamictites that are ' pyroclastic-flow deposits occur at Hat Rock and uppei Yellowjacket and McCoy Creek basins, particularthe divide between McCoy and French Creeks rocks are exposed in road cuts. the Chaotic volcanic breccia Very thick, poorly bedded to nonbedced volcanic breccia crops out around Holdaway Butte aid in the Shark Rock-Craggy Peak area (unit Tvb on plate 1). Similar breccia occurs below Kirk Rock, in the French Butte quadrangle 1.4 km west of Shark Rock (hill 5597 on the quadrangle map); the mapped part of the unit west of Shark Rock belongs to the Kirk Rock pile.
The accumulations are remarkably thick, more than 350 m below Holdaway Butte, 500 m below Shark Rock and Craggy Peak, and 300 m below Kirk Rock. The margins of the unit are indistinct and in places arbitrarily portrayed on plate 1, but the lack of internal continuity, except for local lava flows and very local bedding, distinguishes the unit from the rest of the volcaniclastic section.
The breccia consists of angular andesitic clasts as much as 1 m or more in diameter that form a disrupted framework separated by finer matrix of similar lithic content. Hydrothermal alteration is common and in many places obscures primary textures, as does the intense propylitization and sulfide mineralization in Yellowjacket Creek basin. In places in the propylitized rocks, the clasts have dark reaction rims with the matrix that simulate quenched margins; a good place to see this relation is at an elevation of 3100 ft along the creek 13 km north-northeast of the high point at the south end of Shark Rock, below an abandoned logging road (not shown on map).
At least one tabular body of andesite occurs within the breccia 1 km northeast of Shark Rock. Whether it is a flow or an intrusion could not be determined with certainty. The body is shown as an intrusion on plate 1 because of its blocky jointing and lack of vesicularity, but this evidence is not convincing. The gourd-shaped andesite intrusion centered 0.8 km northeast of Craggy Peak could in reality be two tabular sills or flows; exposures are too poor to make a clear identification. These uncertainties are significant, because if the bodies are indeed flows, they would suggest that the breccia was emplaced in stages separated by periods of effusion.
The limited area] distribution and great thickness of the three piles of volcanic breccia suggest that each occurs in a crater or small caldera 1-2 km across. Possibly all three are remnants of one large caldera fill; local dips are variable, but considerations of the west-southwest regional dip readily permit at least the correlation of the Holdaway Butte and Shark Rock-Craggy Peak piles.
Several unanswered questions are raised by the interpretation of the piles as crater or caldera fills. One is why so much of the breccia is matrix supported; talus, which would be expected to fill craters, is generally framework supported. One way around this dilemma is to ascribe the origin of the breccia to explosions, whose deposits in a proximal environment would commonly be chaotic. Another way is to call upon a mix of debris flows, talus, and explosion debris.
Another question concerns the duration of emplacement of the breccia. Did emplacement take a geologically short period of time (weeks to tens of years) or much longer (hundreds to thousands of years)? If the andesite bodies are indeed flows, several periods of effusion are indicated. I favor a geologically short period of time, because of the chaotic nature of the three piles; this interpretation is the main reason that I believe the andesite bodies are intrusive rather than extrusive.
Still another important question regards the origin of the depressions) filled by the breccia. Are the depressions really one or more craters or calderas, or are they one or more deep canyons eroded into the underlying rocks and filled by thick debris flows? I view canyons as less likely than craters, because no evidence exists elsewhere to suggest a period of such pronounced erosion during accumulation of the Tertiary section. Indeed, the concentrations of dikes and flows surrounding the breccia imply nearby volcanoes and hence the proper setting for one or more collapse or explosion depressions to form.
In short, the thick piles of breccia are enigmatic and deserve more careful study. They probably record the filling of one or more craters or small calderas, but the evidence for this origin is circumstantial and unconvincing.
Vitroclastic dacite and andesite breccia Vitroclastic dacite breccia, poorly sorted and bedded, forms steep slopes and cliffs 1 km northeast of Holdaway Butte, along the northeast edge of one of the thick piles of volcanic breccia (unit Tvdh on plate 1). Clasts in the Vitroclastic breccia are or once were glassy to very fine-grained. A quenched rim surrounds many of the clasts, and perlitic cracks are abundant. The clasts typically have closely spaced, hackly jointing and other features that resemble those described for subaqueous rhyolite by Kano and others (1991) . The breccia is generally framework supported, although locally matrix separates the larger clasts. The matrix is simply a finer-grained version of the blocks and is palagonitized in places. The crude bedding defines an antiform whose crestline trends northwest. Dips are steep, generally greater than 20°.
These characteristics indicate the interaction of dacite lava with water, presumably in a depression at least 120 m deep. The location of this depression partly nested within the thicker volcanic breccia, itself probably a crater filling suggests renewed crater formation. Possibly dacite lava rose into a crater lake, quenched, and fragmented, much as does basaltic lava during subglacial eruptions. Pillows did not form owing to the relatively high viscosity of the high-silica dacite lava (table 1, nos. 77-78), but otherwise the structures resemble those of subglacial basalt flows and coarse hyaloclastite, such as described by Hammond (1987) for late Quaternary basalt in the nearby Lone Butte-Crazy Hills area. Zones of devitrification and hydrothermal alteration in the hydroclastic breccia might have been induced by hot water during cooling of the pile.
Vitroclastic dacite breccia (unit Tbh on plate 1; table 1, no. 60) forms steep cliffs at Hat Rock. Clasts are quenched and jointed as near Holdaway Butte, but at Hat Rock both broken and intact small pillows, some partly drained, also occur. In places the clasts and pillow fragments lie in a yellow palagonite matrix. The deposit fills one or more steep-walled, rather flat-floored depressions somewhat more than 60 m deep. The flat base of the hyaloclastite is well exposed along the base of the cliff encompassing much of Hat Rock.
The contact of the hyaloclastite and the wallrock (a lithic-lapilli tuff) of the depression (or at least the largest of multiple depressions) is well exposed at the south end of the west face of Hat Rock itself, where it can be traced from subhorizontal to subvertical. A gully has been eroded along the steep northwest-striking contact, and fragments of the lapilli tuff cling to the nearly vertical face of the hyaloclastite fill and are columnar as if baked against the contact. Blocks of the lapilli tuff also occur within the hyaloclastite. Clasts in the hyaloclastite are on average larger toward the top of the deposit, and what appear to be discontinuous lobes of lava are more abundant and larger higher in the section. Thin subaerial lava flows (unit Ta on plate 1) cap the section and, if related to the hyaloclastite as suggested by the seemingly gradational contacts with it, record the maximum surface level of the water that caused the quenching, if the concept of lava deltas is applicable in this setting (Fuller, 1931; Jones and Nelson, 1970; Fumes and Sturt, 1976) . Discontinuous exposures show that the northeast side of Hat Rock is also along a steep contact between hyaloclastite and lapilli tuff. The hyaloclastite merges gradually eastward into a vitrophyric dacite flow, which is exposed along the ridge crest at about 5000 ft elevation at the east end of the outcrop area of the unit.
Possibly another filled depression occurs just south of Hat Rock, but all exposed contacts are subhorizontal. The map pattern suggests that the northwest contact of this exposure is steep.
Hydroclastic andesite breccia (unit Tbh in plate 1; together, the Hat Rock and Snagtooth vitric eflect quenching of lava by water, but the nature pressions in which water was present is unclear, hoices are gorges eroded into the underlying ic flow or small craters. I favor gorges over >ecause of the geometry and the lack of any cratersupplied by mass wasting of the walls. Both of u'ts, with thin overlying andesite flows, cap the tion, and the comparative freshness of the glassy the possibility that they are considerably than the underlying rocks. However, a significant rence is not required; gorges commonly form in ic flows within a few years to decades after . Moreover, a clastic dike of green lithic-lapilli formed by loading of the underlying lapilli the vitric breccia on the north side of Snagtooth (shown as a dike of map unit Ttv on plate 1); ion implies that the tuff was not lithified when the formed and hence was likely not much older, tie great thickness (more than 90 m) of an andesite ic andesite flow 1 km east-northeast of Hat Rock : same ridge implies considerable relief in this rea before formation of the vitric breccia, tier the hydroclastic breccia northeast of Holdaway Hat Rock, and at Snagtooth are related genetically question. No similar rocks have been found in the pped quadrangles (including the unpublished but d Blue Lake quadrangle), and why three occursimilar material are so close together is puzzling, ng is that the Hat Rock and Snagtooth bodies formed at about the same time but from chemicalict flows, and that the breccia northeast of y Butte is unrelated to the other two.
centers Concentrations of andesitic dikes, and quaversal dips in lava flows, indicate the presence il extrusive centers in the southern half of the le. One of the most obvious vent areas is in the :rs of the north fork of Slide Creek ( fig. 2 ) 1 km t of Jumbo Peak. Here, crudely bedded, welded, spatter and agglutinate define at least two low at merge downward and outward into andesitic Just upslope (up dip) from the cones, welded » plastered on the walls of a crater more than 100 m deep, and a thick flow fills the crater. The geometry of the area suggests that the crater is centered west or southwest of the present exposures, perhaps at a swarm of northwest-striking dikes exposed on the divide between the two forks of Slide Creek or at a complex intrusion (in unit Tai) exposed in road cuts just south of the mouth of Slide Creek. This intrusion consists of many dikes of different strikes (60°-75° is most common), smaller irregular masses of columnar andesite, and wallrock(?) screens of coarse breccia that could in fact be vent breccia.
Across McCoy Creek west of the filled crater, steeply north-dipping flows on Langille Ridge and its spurs are plainly evident and define the north flank of another volcanic center, riddled with dikes and irregular andesitic intrusions. Most of the dikes strike northwest, but several have other orientations that crudely define a radial swarm centered in this general area. This center is adjacent to, and perhaps a part of, the crater complex filled by volcanic breccia and hydroclastic dacite breccia northeast of Holdaway Butte.
A concentration of dikes 1.5 km northwest of Dark Mountain probably indicates a volcanic center, possibly parasitic to the major center on Langille Ridge. This possibility is suggested by the east and southeast dips in the lava flows an anomaly relative to the regional northnorthwest strike that can be explained if the flows are on the east and southeast flank of a large volcano. An apparent south-southeast dip of 5° was observed on the west side of Dark Mountain from the ridge crest east of Hat Rock; this apparent dip, not shown on the map because the strike could not be adequately defined, suggests that Dark Mountain too is on the flank of the Langille Ridge center or a center related to the complex intrusion just south of the mouth of Slide Creek.
Numerous dikes on and west of Dark Mountain may indicate proximity to another volcano, and dikes on the ridge separating Badger and Yellowjacket Creeks display a broadly radial pattern suggestive of a center. At neither locality are remains of a volcanic edifice related to the dikes preserved; they have been removed by erosion if once present.
Andesitic intrusions wider than single dikes are scattered throughout the quadrangle. Many are decidedly elongate and have complex internal jointing suggesting multiple dikelike injections; a well-exposed example of such a body, although not as elongate as some, is the body just south of the mouth of Slide Creek. Some or all of these intrusions could be subvolcanic bodies. Certainly in some way they are likely to be associated with volcanic centers, but whether they actually fed lava to the surface themselves or were injected laterally from major feeding conduits is unknown.
Probably more pyroxene andesite eruptive centers occur in the southern half of the McCoy Peak quadrangle than in the rest of the mapped quadrangles combined, to judge from the distribution of pyroxene andesite dikes in the mapped area ( fig. 10/1 ). This figure does not show the locations of andesitic intrusions larger than single dikes and so is slightly misleading, because a few larger andesitic intrusions in the other quadrangles (such as Greenhorn Buttes themselves) were probably associated with volcanoes. Moreover, an older part of the section is exposed in the southern half of the McCoy Peak quadrangle than in the French Butte and Greenhorn Buttes quadrangles, so that more dikes are likely to be exposed by erosion. Nonetheless, the overall pattern is clear. Of 475 pyroxene andesite dikes for which strikes could be measured, 308 of them occur in the McCoy Peak quadrangle, most of them in the southern half.
Regional dike swarm Most dikes in and south of the headwaters of Yellowjacket and McCoy Creeks strike roughly west or, more commonly, a few degrees north of due west and form part of a regional swarm of dikes previously described (Swanson, 1989 (Swanson, , 1990 (Swanson, , 1991 . The mean strike of the 318 mapped pyroxene andesite dikes in the quadrangle is about 280° ( fig. 114) , very similar to that of dikes in the swarm in the other quadrangles ( fig. llfl, C ; Swanson, 1989 Swanson, ,1991 , despite the obvious concentration of dikes of various orientations around the eruptive centers. This illustrates how dominant the regional swarm is. Another idea of the dominance is to compare figures IOA and B; a large proportion of the mapped pyroxene andesite dikes belongs to the regional swarm.
Most of the dikes in the regional swarm are vertical to subvertical. The dikes strike at a high angle to the regional strike of the host rock (about 340°; fig. 11 D) and so would not be recognizably tilted during folding. Hence the age of the regional swarm relative to regional tilting cannot be determined. By contrast, many dikes trending at low angles to the regional strike dip about 70° east, probably because they were intruded before regional westward tilting (on the assumption that dips were originally subvertical).
Dikes of pyroxene andesite are consistently older than those of hornblende dacite and diorite wherever intersections were found. However, only two such intersections were seen involving pyroxene andesite dikes of the regional trend; both intersections are within the volcanic center on Langille Ridge, where the orientation of the pyroxene andesite dikes could reflect local rather than regional stress and hence strike west only fortuitously. Therefore, the age relation between the regional swarm and the hornblendebearing dikes can not be convincingly demonstrated. Nonetheless, the consistently greater degree of alteration argues for the regional swarm being older, as does its petrographic and chemical similarity to the pyroxene andesite dikes known to predate the hornblende-bearing dikes.
Age No radiometric ages exist for rocks in the quadrangle older than the intrusive suite of Kidd Creek. Projection along strike from dated rocks in the Tower Rock and Greenhorn Buttes quadrangles suggests that the section is between about 30 Ma and 18.5 Ma (Swanson, 1991 , tables 2 and 3), becoming younger from east to west. This is broadly consistent with the age of the fossil plants (more likely late Oligocene than early Miocene; see section on "Volcaniclastic rocks") low on the west side of Langille Ridge, because linear extrapolation between the bounding radiometric ages would suggest an age of 22-26 Ma for the fossils compared to the accepted age of 23.7 Ma for the Miocene-Oligocene boundary (Palmer, 1983) .
INTRUSIVE SUITE OF KIDD CREEK
The term intrusive suite of Kidd Creek (Marso and Swanson, 1992 ) is used for a widespread, chemically related suite of hornblende-plagioclase-phyric silicic andesite, mafic dacite, microdiorite, diorite, and quartz diorite dikes, sills, and larger stocklike bodies that occurs in the Tower Rock, McCoy Peak, French Butte, Blue Lake, Link (1985) was the first to use the term in a formal report. I include within the Kidd Creek all of the hornblende-phyric intrusive rocks in adjacent quadrangles (Swanson, 1989 (Swanson, , 1991 . Field relations and chemical compositions presented in this report and by Link (1985) indicate to me that the McCoy Creek body is also part of the Kidd Creek suite, and that it is more highly altered and mineralized because it forms the subvolcanic roots of a large volcano, all eruptive remnants of which have been eroded away.
Dikes More than 140 dikes of hornblende dacite and microdiorite occur in the quadrangle, mostly in the northern half but extending as far south as the North Fork of French Creek ( fig. 2 ), 2.2 km north of the southern edge of the quadrangle. The dikes are best exposed high along Langille and Juniper Ridges (fig. 2) ; relatively few crop out low in the valleys, owing at least in part to the poorer exposures there. Note that the hornblende-bearing dikes are shown on plate 1 by a different symbol from those of other dikes (see explanation of map symbols).
The dikes are typically 1-2 m wide, but some are as wide as 10 m or more. Each dike has chilled margins and a coarser-grained interior, generally lacking vesicles. Needlelike hornblende phenocrysts in a few chilled margins are weakly aligned parallel to the dike margin and plunge obliquely toward the Camp Creek area; generally, however, no preferred orientation of phenocrysts is evident. Most of the dikes are columnar perpendicular to their contacts.
Most of the dikes can be traced only a few tens of meters before ending or disappearing beneath overburden, but several on Langille Ridge can be recognized for several hundred meters along strike. The dike cutting Jumbo Peak is exposed for about 600 m, as is an east-striking dike connecting two larger intrusions in the headwaters of Jumbo Creek. Five dike segments form a right-stepping, north trend for 2 km south of Falls Creek ( fig. 2) , and a sixth segment occurs along the approximate extension of this trend (but in a left-stepping sense) 2.5 km farther south along the North Fork of French Creek ( fig. 2 ). These six segments may be parts of the same dike.
Most of the dikes are subvertical, even those that cross the strike of the dipping host rock at low angles. A similar geometric relation was found in the Tower Rock quadrangle (Swanson, 1991) . This relation implies that the dikes are your ger than the age of tilting, on the assumption that they were nearly vertical when emplaced.
Excotions to this geometric relation are rare but obvious. Northwest-striking dikes just southwest of the mouth o F Granite Creek dip about 50°-60° west and, within a few lens of meters, bend into sills in the bedded, 35°-dipj>ing volcaniclastic section. A well-exposed 6-m-wiile dike cutting the vitric dacite breccia northeast of Holdawiy Butte dips only 60°-70° east-southeast, as indicated by direct measurements and by its map pattern. Southward projection of the dike at this dip across spotty exposures in dense slide alder meets a dike east of Holdawiy Butte with a similar dip. The map pattern suggests that this dike maintains its eastward inclination for at least !..5 km of strike length.
A wide, dike-on-dike composite body of hornblende diorite underlies McCoy Peak. The body is portrayed on plate 1 is a simple intrusion, but in reality it could be mapped as scores of dikes. I show only the most obvious dikes tlu.t form linear ridges near the summit. No internal screens of wallrock were found within the main body of the intrusion. Contacts with the host rock, and between dikes themselves, are subvertical. Internal jointing commonly cixjsses dike contacts and indicates that most or all of the body must have cooled together below the jointing temperature, rather than each dike cooling individually. Bedding in the country rock is upturned and even vertical in places along the northwest contact; such deformation implies forceful injection of a magma body wider than just a single dike. Moreover, the grain size is coarser than that of most dikes and compares to that of the sills. Consequently t lie McCoy Peak intrusion is apparently composite, formed by repeated injection of dikes that amalgamated into a single body, rose forcefully an unknown distance, and cooled as a unit.
Hornblende phenocrysts are typically fresh or only partly altered in dikes high on, and west of, Langille Ridge and in dikes east of McCoy Creek south of Jumbo Creek. In contrast, hornblende in dikes elsewhere in the quadrangle, mosi: notably along Juniper Ridge, is typically altered mostly or completely to chlorite and carbonate. This pattern parallels that of propylitic alteration in the host rock, which is most intense in the Camp Creek-Juniper Ridge area. Owing to this alteration, the dikes on Juniper Ridge are not obviously hornblende bearing in the field, but thin sections reveal pseudomorpbs of hornblende phenocrysts. Furthermore, the chemical compositions of these dikes (table 1, no. 49) and similar dikes within 2 km north of the quadrangle boundary (Swanson, 1991, table 1, nos. 65, 68, 74, 77, 86, and 50) and MnO that characterize the suite. For these reasons, the dikes in the Juniper Ridge area are included with the fresher dikes in the intrusive suite of Kidd Creek. The dikes along lower Sunrise Creek are especially highly altered, and their inclusion in the Kidd Creek is problematic; no samples were chemically analyzed, and petrographic examination found only suggestive but not definitive textural characteristics of the Kidd Creek suite.
The dikes as a whole form a radial pattern focused on the lower Camp Creek area (plate 1; fig. 13 ). Even if the dikes on Juniper Ridge are excluded, the radial pattern is obvious though missing its northeast sector. The radial pattern holds in the adjoining Tower Rock and French Butte quadrangles, although probably fewer than 60 dikes occur there. The map pattern of the swarm on the geologic maps (pi. 1; Swanson, 1991, pi. 1 ) is well defined and shows no evidence of post-emplacement tilting, which would have thrown the pattern into disarray. The pattern is therefore additional evidence that the dikes are younger than most or all of the tilting that characterizes the host rock. This pattern is further discussed in the section, "Relation of McCoy Creek intrusion to the radial dike and sill swarm."
Locally, dikes diverge from the radial pattern. North of Falls Creek, a small area contains dikes that strike northeast, oblique to the radial trend; these dikes may be related to the stock!ike body along Jumbo Creek. A dike on Sunrise Peak and several along lower Sunrise Creek likewise fall outside the radial pattern and may have been fed from larger nearby intrusions. The east-striking dike in the headwaters of Jumbo Creek connects two larger intrusions and is probably related to them.
Sills Sills of hornblende diorite and microdiorite are common in the volcaniclastic part of the section, as in the Tower Rock quadrangle (Swanson, 1991) . The sills range in thickness from a few centimeters to more than 100 m. Single sills in the quadrangle have been traced for more than 2.5 km (the sill just west of Langillc Peak), and composite bodies, for more than 3.5 km (the complex body between Langille Peak and McCoy Creek). In the Tower Rock quadrangle, single sills were traced along strike another 6 km, for a total strike length from north to south of more than 9.5 km. Sills underlie some of the highest peaks in the quadrangle: Juniper Peak, Sunrise Peak, and the unnamed peak a little over 5600 ft high just south of Jumbo Creek. Despite their prominence, however, the sills are not such dominant features of the landscape as they are in the Tower Rock quadrangle.
The sills have subplanar basal and upper contact zones that are quenched and roughly conformable with the bedding in the host rock. Local discordance is common, and along strike some sills locally cross bedding to follow higher or lower stratigraphic levels. Well-developed, even eye-catching columnar jointing typifies the sills. Commonly the columns are exactly perpendicular to the basal and upper contacts with the host rock, and their orientation can be used as a reliable indicator of the attitude of the sill if contacts are not exposed.
The thick bodies in the Sunrise Peak and Jumbo Creek areas are composite bodies made by repeated injections of magma in sill-like fashion. The thick body between Langille Peak and McCoy Creek is a similar composite sill and is especially striking. From the McCoy Creek road it appears to be bedded, but outcrop examination shows that the "bedding" is defined by sill contacts or planar joints normal to the columns.
Though sill-like, these composite bodies locally exhibit steep contacts with the wallrock. A good example is the southwest margin of the body along Jumbo Creek, where it contacts volcaniclastic rocks. Whether such steep contacts reflect <tmly local cross-cutting of bedding or are more extensive at depth is not clear. I have portrayed the bodies in plate 2 as having concordant floors at depth, but this is speculative. What is beyond question is that at the level of exposure the bodies are fundamentally sill-like. The composite sills closely resemble those in the Tower Rock quadrangle, where the ends of some of the thicker sills are demons!rably cross-cutting but the overall geometry shows their fundamentally sill-like character (Swanson, 1991) .
The iiouth end of the body between Langille Peak and McCoy Creek is only schematically shown on plate 1. This area is j poorly exposed, but traverses show repeated apparent interleaving of hornblende diorite and volcaniclastic rocks.
The thick body of hornblende microdiorite between Pinto and Yellowjacket Creeks is somewhat anomalous, because it is mostly in contact with lava flows rather than volcaniclastic rocks. Overall it appears sill-like on the basis of its ma p pattern and orientation of columnar jointing near its southeastern and northeastern margins, but the intrusion clearly crosses layering in the lava flows and so is partly stockJikc. A few simple sills also occur mainly in lava flows; a prominent and well-exposed example is along the road just above the mouth of Martin Creek in the upper Yellowjacket Creek drainage ( fig. 2; table 1 , no. 56). A small, subequant, columnar-jointed intrusion across Yellowjacket Creek from there also intrudes lava flows; this is probably a cross-cutting body, although no definitive exposures were observed.
As in the Tower Rock quadrangle, the thicker bodies of hornblende diorite and microdiorite are more highly altered than are the thin sills and dikes, probably owing to alteration by circulating hot ground water during cooling.
The sills are younger than pyroxene andesite dikes that cut the section. For example road cuts and natural exposures a few hundred meters north of Martin Creek show a sill clear y cutting several dikes. drangles indicate that the dikes and sills are the same episode of magmatism. They have omposition, mineral content, a real distribution, f alteration, age relative to the host rock, and age relative to folding. A few dikes cut a few in genera] the two are exclusive. Some dikes, such southwest of the mouth of Granite Creek, twist along strike into sills, and others along the margins of thick sills appear to blend into the sills as if they either fed or were fed by the sill.
An interesting dike-sill pattern is evident on a regional scale ( fig. 13 ). Dikes are more common southwest and northeast of the Camp Creek area, and sills are more common southeast and especially northwest of that area. If the dikes and sills are genetically related, what accounts for this pattern?
I suggest that the regional structure of the well-bedded volcaniclastic host rock in the McCoy Peak and Tower Rock quadrangles controls the distribution of dikes and sills. The regional strike is north-northwest (mean direction is 344° for 431 measurements in the two quadrangles [ fig.  12D and Swanson, 1991, fig. 10]) , and the regional dip is 25°-35° west-southwest ( fig. 13) . Dikes intruded at high angles to the regional strike propagated outward from the center of the radial swarm and retained their subvertical attitude for long distances. In contrast, dikes initially intruded as subvertical sheets along the regional strike of the well-bedded volcaniclastic rocks eventually twisted into the bedding planes and became sills. Thus most of the sills can be viewed as shallow-dipping dikes that originated as members of the radial dike swarm.
The shallow-dipping dikes just southwest of the mouth of Granite Creek (see section on Dikes) may record the transition zone from dikes to sills. This area coincides with the generalized location of the transition zone inferred from map relations to be within a few hundred meters to perhaps 2 km from the focus of the radial swarm.
Even some dikes intruded across the regional strike may eventually have fed sills. A crude ring of sills encloses most of the dikes in the southwest and northeast quadrants of the radial swarm, some 4 7 km from the center of the swarm ( fig. 13 ). No intersections of dikes and sills were seen in these areas, but an intriguing possibility is that the dikes may have ended as they turned into sills, perhaps as intrusion pressure diminished away from the center and magma stagnated at favorable bedding planes in the host rock.
A possible problem with the "radial sill swarm" hypothesis is that the volume of the sills is vastly greater than that of the dikes. Why, therefore, should the dikes and sills be considered equivalents? If the dikes are viewed as conduits, and the sills as reservoirs, then dikes could have transported a far larger volume of magma into the sills than can be accounted for by their narrow width. Also, some of the dikes could have supplied large volumes to eruptive vents on the ground surface, all evidence for which has been removed by erosion, whereas the sills stored magma without losing it to eruptions. Far more sills occur in the northwest quadrant of the radial swarm than in the southeast quadrant. Perhaps this reflects the nature of the host rock, which consists chiefly of volcaniclastic rocks in the northwest quadrant and andesite flows in the southeast quadrant (plate 1; Swanson, 1991) . Intrusion may have been favored into the volcaniclastic section. Perhaps, too, sills are abundant in the southeast quadrant below the level of exposure, if volcaniclastic rocks underlie the exposed lava flows there. More on this issue should be learned after mapping in the East Canyon Ridge quadrangle, scheduled for summer 1992.
Hornblende quartz diorite and granodiorite of McCoy
Creek This body (unit Thdm in plate 1) forms the core of the McCoy Creek district described by Link (1985) . Much of it is in the phyllic and propylitic zones of a porphyry copper-molybdenum deposit with associated small gold-bearing veins. Link (1985) describes the deposit and alteration products in detail, and I concentrate here on placing the host intrusion in the geologic framework developed for the McCoy Peak and adjoining quadrangles.
Geometry of body The intrusion has a boomerang shape in outcrop, about 2.2 km by 1.7 km maximum dimensions. These values differ from those given by Link (1985) , whose map shows a much different distribution pattern partly controlled by faulting that I cannot confirm. Link (1985) reports that drill-core data suggest that the intrusion, which he and Simon (1972) call a stock, dips steeply southwest. Such an attitude is consistent with a broadly sill-like form for the intrusion, following the regional west-southwest dip of 25°-35°. The outcrop pattern is also broadly compatible with such a geometry, or at least with a body whose top dips in accord with the bedding. In this interpretation, the exposures east of McCoy Creek are along a dip slope developed near the top of the intrusion, and the disappearance of the body along McCoy Creek is caused by the dip, not by a fault along the creek as suggested by Link (1985) . The map pattern along the southeastern contact of the intrusion could be interpreted to indicate a steep margin, but exposures are poor between creeks and the contact could easily "vee" down the ridges from points where it crosses creeks. Link (1985) mapped intrusive breccia discontinuously along the eastern margin of the intrusion. I was unable to confirm this identification but did find highly altered lithiclapilli tuff in many places near the contact.
The intrusion is coarsely platy along Small Creek ( fig. 2 ; called Eagle Creek by Link, 1985) . The attitude of the platy joints is similar to that of the host rock (pi. 1). Platy joints paralleling contacts are common in sills of the Kidd Creek intrusive suite. This is weak evidence for a sill- fig. 14) . Linear regressions through the Kidd Cieek data sets show that, for comparable amounts of SiO2, the contents of TiO2 and FeO* are higher by about 0.07 percent and 1 percent, respectively, for analyses in table 2 ban for those in table 1. (In the following discussion, I reduced the bias for FeO* from 1 percent to 0.7 percent, because the regression through the data from table 2 was skewed by three outliers of such high FeO* content hat I suspect iron in the form of sulfide was added to the tliree samples.) MnO, another key oxide for identification of the Kidd Creek suite, may be higher by about 0.03 pel cent in the analyses of table 2.
I adjusted the analyses of the McCoy Creek intrusion in table 2 by the bias indicated by the regression in figure 14 and ther compared them with the Kidd Creek and McCoy Creek analyses from table 1 ( fig. 15 ). The data are "noisy" but show in general that the two units fall along a similar trend. '
The chief "culprit" in causing the bias may be SiO2. If the content of SiO2 is reduced about 2 weight percent in the analyses of table 2, most of the other differences can be accounted for. This is a very large difference not easily explained. Conrey (1991, p. 162) found that analyses done in the si me laboratory since Link's work are consistently high in SiO, relative to values obtained in other laboratories, but by only about 0.45 weight percent; he attributes the difference to the ways in which the fused beads for XRF analysis are prepared and corrected for matrix effects.
Whatever the reason, the analytical data in tables 1 and 3 clearly show biases that tend to obscure the chemical resembhmce between the Kidd Creek intrusive suite and the McCoy < 18 !reek intrusion. When the biases are accounted for, the resemblance is clear, and this resemblance is further suggested by the internally consistent data in table 1 alone.
Relation of McCoy Creek intrusion to the radial dike swarm The McCoy Creek intrusion is at the bcus of the radial swarm of dikes and sills. Its tion is indistinguishable from that of the dikes and
and sill overall composi sills, and it seems to grade upward and(or) outward into at least one of the sills. Its alteration and mineralization indicate a site of extensive hydrothermal activity. Taken together, these relations imply that the intrusion occupies the core of a subvolcanic complex that injected magma into radial di ces and sills and that probably underlay a volcano, now completely eroded away. This conclusion is consistent with thai; of Link (1985, p. v) , who wrote "comparison of 8L, 9L, 23L, 251, 4Along McCoy Peak trail south of Link's (1985) figure 15 (see text).
the rocks, mineralization, and alteration patterns of the McCoy Creek District with those found in porphyry-type systems in other tectonic environments suggests that the McCoy Creek pluton was emplaced into an island arc-type environment inboard from an active subduction zone." The depth of the subvolcanic intrusive complex below the contemporary ground surface cannot readily be judged. Quenched margins and porphyritic textures indicate a shallow crustal level, as does the zeolite-fades metamorphism rock. The widespread hydrothermal alteration mineralization suggest extensive interaction with ground water and hence a depth of no more a fc w kilometers. A minimum depth of emplacement the amount of present topographic relief, about stratigraphic thickness of about 3 km between of the intrusion and the top of the highest sill in the section farther west cannot be used as to estimate a Tie minimum depth; the Kidd Creek suite apparently postdates most if not all of the folding in the area, and the section cannot simply be stacked above the Camp Creek area owing to the possibility of substantial erosion of the tilted rocks before intrusion of the Kidd Creek magma (see section on Structure, and also Swanson [1991] ). Most likely the depth was 2-5 km.
Evidence presented in the section, "Geometry of body," suggests that the McCoy Creek intrusion has a broadly silllike character, or at least an upper surface approximately concordant with the regional dip. However, that form does not readily square with the concept of a subvolcanic intrusion at the center of a large radial dike swarm. Perhaps the body is truly stocklike at depth, or perhaps it was emplaced as a sill above a small stock. Or, perhaps the magma-conduit system in the subvolcanic complex consisted of a stacked nest of sills, one of which is now exposed. The body is shown in plate 2 as a sill-like mass connected to a vertical feeding conduit from which other sills sprout; this form is reasonable in terms of current models of subvolcanic feeder systems beneath arc volcanoes. In reality, however, I believe that the true form of the McCoy Creek intrusion is open to considerable speculation.
Field evidence suggests that the McCoy Creek intrusion is somewhat older than some of the dikes and sills in the radial complex. A dike of propylitized, pyrite-bearing hornblende microdiorite cuts stockwork phyllic veining in the McCoy Creek intrusion in a roadcut 500 m south of the crossing of Camp Creek. This relation, pointed out by Roger Ashley and Russ Eva its, indicates that the dike is younger than the stockwork but older than some of the alteration and mineralization. Another possible dike, or younger phase of the intrusion, consists of unusually fresh quartz-bearing diorite containing relic hornblende in a road cut at the site of chemical analysis 12L (table 2) . I interpret this body as part of the McCoy Creek intrusion owing to its outcrop width (at least 10 m) and lack of chilled margins or steep planar structures suggestive of a dike; Link (1985) , however, interprets the body as a dike cutting the McCoy Creek intrusion. Both interpretations support the conclusion that intrusion, propylitic alteration, and mineralization and accompanying phyllic alteration overlapped in time a reasonable consequence of repeated injections of magma at a long-lived magma tic center.
The mineralized joints in the hornfelsed wallrock of the McCoy Creek intrusion have dominantly northwest strikes similar to the regional strike of the tilted section (Simon, 1972, p. 24 and fig. 10 ). This similarity suggests that the mineralization follows joints that formed during folding and supports the interpretation that the Kidd Creek intrusive suite is mostly or wholly younger than the folding.
Age of intrusive suite of Kidd Creek No reliable K-Ar ages are available for the Kidd Creek suite. Four ages of hornblende separates range from 15 to 25 Ma (Swanson, 1991 , tables 2 and 3). On the other hand, three zircon fission-track ages, obtained on three of the four samples used for K-Ar determinations, have a much more restricted (and younger) range from 10.4 to 13.4 Ma (Swanson, 1991 , tables 2 and 3). One of the samples dated by both methods is from a roadcut just south of Martin Creek along upper Yellowjacket Creek (table 3) . Two zircon fission-track ages are pending, both for the McCoy Creek intrusion. Armstrong and others (1976) obtained an age of 25.6 ± 0.9 Ma (corrected for new decay constants using the method of Dalrymple [1979] ) for a "very fine-grained sericite concentrate" from the McCoy Creek intrusion. I cannot satisfactorily rationalize this age with the geologic relations or with the zircon fission-track ages. If the sericite age is correct, then the McCoy Creek intrusion cannot be related to the Kidd Creek intrusive suite, which elsewhere cuts rocks much younger than the sericite age, and the focus of the radial dike swarm on the Camp Creek area would have to be purely fortuitous. I cannot disprove the sericite age but believe the weight of the evidence supports a much younger age for the McCoy Creek intrusion.
STRUCTURE
Folds The west-southwest-dipping section of late Oligocene and early Miocene rocks in the McCoy Peak quadrangle is on the east limb of the broad Pole Patch syncline, which, together with its possibly en echelon segment, the Elk Creek syncline (Swanson, 1989) , dominates the structure of the French Butte, Greenhorn Buttes, Tower Rock, and McCoy Peak quadrangles. The trough of the Pole Patch syncline is just inside the French Butte quadrangle. The section exposed in the McCoy Peak quadrangle is about 5 km thick (pi. 2, B-B'), similar to that in the Tower Rock quadrangle; the east limb extends an unknown distance east of the quadrangle.
The strikes are relatively consistent ( fig. 11D ), and dips are generally 25°-35°. Attitudes are more variable than those in the other mapped quadrangles, however, owing at least in part to the presence of vent areas in the southern half of the quadrangle. The mean strike of about 342° is close to that of 346° for 225 readings in the Tower Rock quadrangle (Swanson, 1991) but somewhat more westerly than the mean of 357° for 183 measurements in the Greenhorn Buttes and French Butte quadrangles (Swanson, 1989) . Overall the data from the four quadrangles illustrate the broadly consistent trend of the Pole Patch syncline and show that the syncline has a low plunge, if any. Most or all of the folding took place before intrusion of the suite of hornblende-bearing sills and dikes as indicated by the geometric relations of the dikes to tilted beds (see section on "Dikes"), the radial pattern of the dike swarm, and the orientation of mineralized joints associated with the McCoy Creek intrusion.
A shallow, west-northwest-trending syncline is defined by several attitudes in volcaniclastic rocks underlying Hat Rock. No other fold subsidiary to the Pole Patch structure is evident in the quadrangle.
Faults
No faults with detnonstrably large displacement have been identified in the quadrangle, but several exposures show evidence of fault movement that could conceivably be part of larger but overlooked structures.
A low-angle fault is well exposed along the west side of Yellowjacket Creek about 800 m upstream from the mouth of Veta Creek (fig. 2) . The fault plane, about 1 m above late-summer water level, has a shallow but variable dip that averages approximately horizontal. Gouge rests on the polished surface of the footwall, which is coarsely grooved along an azimuth of 300°. Asymmetric roughness on the fault plane suggests that the hanging wall moved westward, that is toward 300°. A dike of hornblende microdiorite cuts the fault and is therefore younger. The dike does not crop out in the well-exposed bed of the creek or east of the creek, however, and so the dike may be offset by another strand of the fault. A thin sill injected from the dike may be displaced 50-70 cm by another lowangle fault, although the apparent offset could be a primary irregularity along the margin of the sill. A thrust fault is exposed in this same zone but 10-20 m farther south. The thrust has a strike of 010°, a dip of 27°W, and cuts sandstone containing a piece of fossil wood offset about 1.5 m along the fault. The fine-grained, well-bedded volcanic sandstone, siltstone, and tuff strike north and dip steeply west at angles of 70° and more; probably the steep dip is related to the faulting.
McCoy
Another low-angle fault crops out along a small tributary to Yellowjacket Creek about 2 km west-northwest of Peak. This fault has an undulatory plane with an overall northeast strike and a 15° south dip. Slickensides and accompanying asymmetric roughness on the fault plane indicate a normal sense of displacement. The magnitude of displacement is not discernible; the offset shown on plate 1 is highly interpretative. Several changes in lithology take place between the site of the fault and colluvial cover farther downstream, though contacts are not clearly exposed, and knots of bull quartz are common in the rocks; faults and hydro thermal fluids moving along them could account for these features.
Most other faults or shear zones in the quadrangle have dips generally greater than 70° and a wide range in strikes. One fault striking northwest about 600 m west of the mouth o : Badger Creek offsets a red flow top about 3 m in a reverse sense. A northwest-striking fault dipping 83°SW cuts the andesite intrusive complex south of Slide Creek ( fig. 2 ) in McCoy Creek valley; slickensides plunge steeply down the dip. About 700 m farther southeast, a nearly west-striking fault slightly offsets the contact breccia and an overlying flow in a north-down vertical between sense. Simon (1972) mapped faults along parts of Camp, Scamp, and Jumbo Creeks, and Link (1985) , Korosec (1987) , and Walsh and others (1987) added faults along McCoy and Small Creeks. I could find no convincing evidence for these faults but did map small shears and faults along the northern margin of the McCoy Creek intrusion just south of, and along, Camp Creek. One of these faults is exposed at 3300 ft elevation at the Rust Adit (Link, 1985) , where it is mineralized; the fault strikes about 030° and has a nearly vertical dip. Another mapped fault or shear zone cuts bleached lithic-lapilli tuff at an elevation of about 3140 ft in the bed of Camp Creek, the locality mentioned by Link (1985) as exposing the Camp Creek fault; this fault or shear zone strikes north and dips 10°-20°W. No post-mineralization displacement was recognized. Neither of the mapped faults can be traced from these exposures, and I found nothing in the field relations that demand much offset along them. Nonetheless,these and other faults and shear zones mapped by previous workers may be important features guiding mineralization; they simply don't influence the geology sufficiently to show at the scale of my mapping.
Jumbo Creek zone Steeply dipping, locally vertical, volcaniclastic beds crop out along two small tributaries of Jumbo Creek west-southwest of Sunrise Peak. No faulting or notable shearing was observed at the two localities, only the southeasternmost of which is indicated on plate 1 with attitude symbols. They lie along a west-northwest-trending zone that includes, along Sunrise Creek, a narrow zone of shearing and a nearby dike of hornblende microdiorite with an anomalous northwest strike. In the headwaters of Jumbo Creek, the zone occurs along an abrupt change in lithology and dip magnitude (pi. 1). Link (1985) , Korosec (1987) , and Walsh and others (1987) placed a fault in this zone, and I follow suit, though I am not convinced from the meager evidence that a major fault is required. An abrupt monoclinal bend could give rise to similar field relations. Perhaps the steep dips, whether or not accompanied by faulting, result from intrusion and thickening of a sill; this scenario is portrayed on cross section C-C' (pi. 2), which shows faulting of the host rock but not the sill. The south side of the structure is downthrown, because the lava flows south of the zone dip less than the underlying volcaniclastic rocks at a similar elevation north of the zone.
A northwestward projection of the Jumbo Creek zone passes through the area of low-angle faulting along Yellowjacket Creek 800 m south of Veta Creek. On Langille Ridge volcaniclastic rocks are dominant northeast of the projected zone and lava flows are dominant southwest. The projected zone climbs the ridge near the relatively abrupt south end of the thick sill complex just west of McCoy Creek. These observations suggest that the Jumbo Creek zone crosses Langille Ridge. No evidence of shearing or faulting was noted along the projected zone on Langille Ridge, however, and field relations do not demand faulting.
Viewed from east of the quadrangle, the part of the Jumbo Creek zone in the East Canyon Ridge quadrangle resembles an angular unconformity; gently dipping lava flows and associated breccia appear to overlie steeply dipping volcaniclastic rocks. The critical area to test this idea (in the East Canyon Ridge quadrangle) has not yet been mapped. I found no convincing evidence for an angular unconformity in the McCoy Peak quadrangle, and in fact the seemingly interbedded nature of the lava flows and volcaniclastic rocks along McCoy Creek south of the Jumbo Creek zone argues against an angular unconformity.
QUATERNARY BASALT AND BASALTIC ANDE-SITE
The only known vent for young lava flows in the quadrangle is in the extreme northeast corner, where a tuff cone that erupted the basalt of Juniper Creek (unit Qbj in plate 1; Swanson, 1991) straddles the border with the Tower Rock quadrangle. The vent for the basaltic andesite of Badger Ridge (unit Qbbr) lies just west of the quadrangle border (Swanson, 1989) , and vents for tiny remnants of the olivine basalt of Basin Camp (unit Qbbc) and the flow just north of Falls Creek (unit Qbj, shown queried) have not been found.
All of the young olivine basalt flows in the quadrangle are rather rich in K2O and MgO (table 1, nos. 1, 3, and 4) and contain scattered flakes of red-brown biotite in the groundmass (table 4, cols. 2,4, and 5). They constitute part of a suite of high-K and generally biotite-bearing (table 4) basalt that is distributed within a southwest-trending zone between Blue Lake volcano (in the Blue Lake quadrangle) and the Basin Camp area; the zone includes a vent area for very K2O-rich olivine-clinopyroxene-phyric basalt (about 2.2 percent K2O at 49.8 percent SiO-j) and olivine-bearing basaltic andesite about 3 km south of Snagtooth Mountain in the Quartz Creek Butte quadrangle. The age of the basalt of Juniper Creek is probably about 140 ka or somewhat younger, because it erupted on the side of the U-shaped Cispus River valley sculpted by a glacier during Hayden Creek time and may have interacted with remnant ice in the valley (Swanson, 1991) . Blue Lake volcano is probably of about the same age, because it too formed partly under or along the margin of the glacier (D.A. Swanson, unpublished mapping) , but whether all of the K2O-rich units are of similar age is not known.
The high-K2O basalt is fine-grained and rather glassy; modal glass averages 35 volume percent for the six samples in which glass could be counted separately (table 4, cols. 3-8) . Total olivine content varies inversely with glass content (fig. 16) ; this variation shows that olivine was crystallizing during emplacement and cooling of the flows. Probably existing phenocrysts served as nuclei for some of this crystallization, because the three highest contents of olivine phenocrysts occur in the three most crystalline samples (table 4, cols. 4-5 and 7). In contrast to the high-K2O suite, the low-K2O olivine basalt of Spring Creek, a late Pleistocene flow in the Cispus Valley ( fig. 1 ) just east and northeast of the quadrangle, is much more crystalline, averaging 13.4 volume percent glass (range region is ) in six samples of the flow, and shows no systemation of oiivine content (15.5 ± 23 volume perthin the narrow range of crystallinity (Swanson, We 4, . oiivine basalt dike on the north face of Craggy s decidedly less K2O than do the oiivine basalt the quadrangle (table 1, no. 2); accordingly, it no biotite (table 4, col. 9). These differences that it is not a feeder for the nearby basalt of Basin is probably older than the basalt of Basin Camp, deep erosion of Craggy Peak was required to he dike. Blocks of float in gully on west side of >eak are more crystalline than the dike on the north Craggy Peak but contain a similar amount of henocrysts (table 4, cols. 9 and 10); they probably i unexposed extension of the dike. dike of basaltic andesite in Yellowjacket Creek > peculiar, because it has a low dip of only west. Its relation to the other young rocks in the unknown.
THICKNESS OF OLIGOCENE AND MIOCENE CRUST
Many chemical analyses of the Tertiary rocks have been obtained to support the detailed mapping of the four published quadrangles. The analyses are for rocks distributed throughout a section at least 5 km thick and spanning some 11.5 m.y. Examination of the entire data set indicates that a weak case can be made for a thinner crust during the late Oligocene and early Miocene than at present, and that the crust thickened during development of the mid-Tertiary section in southern Washington.
The FeO*/Mg57J ratio of 2.76 for the Tertiary host rock in the McCoy Peak quadrangle, derived from figure 7 as earlier discussed, is rather high, just as it is in the Tower Rock quadrangle (Swanson, 1991) . Gill (1981, p. 208) concluded that ratios greater than 2.5 "occur only at volcanic fronts, if at all, in volcanic arcs." The high ratios in the Tower Rock and McCoy Peak quadrangles are, strictly speaking, inconsistent with Gill's conclusion, for the volcanic front was probably located far west of the quadrangles during the Oligocene and early Miocene (Evarts and others, 1987; Walsh and others, 1987) . However, Gill's conclusion is derived from his observation that such high FeO*/MgS7 j ratios reflect a crust that is less than 25 km thick (Gill, 1981, p. 208-216) . Such a thickness is only about 55 percent that of the crust beneath the modem arc (44 km or more, as given in an oral presentation by Walter Mooney of the paper by Luetgert and others [1992] ) and as such might seem in error. However, interpretation based on the work by Plank and Langmuir (1988) suggests that the Oligocene crust could indeed have been thinner than the present one.
In a world-wide survey of major-element chemistry of modern arc rocks, Plank and Langmuir (1988) found a linear relation between crustal thickness and the values of Na2O and CaO (normalized to 6 percent MgO as Na60 and Ca60 respectively) in arc rocks resting on that crust ( fig. 17) Plank and Langmuir, 1988) i.i.i Crustal thickness (km) 70 Figure 17 . Plot of values of Na2O and CaO at 6.0 percent MgO (Na&0 and Ca&0, respectively) vs. crustal thickness for suites of rocks from modern arc volcanoes, modified slightly from Plank and Langmuir (1988) . Values of Na60 and Ca&0 derived from linear regression of multiple analyses; values of crustal thickness based on seismic interpretations. Values of Na&0 and CaM for middle Tertiary rocks (except intrusive suite of Kidd Creek and a few highly altered samples) and young lava flows that I have mapped are plotted along linear regression of data in Plank and Langmuir (1988) . Note that apparent thickness of middle Tertiary crust is less than that of modern crust, but that apparent thickness of crust underlying young volcanic rocks (mostly late Pleistocene) is much greater than that indicated by modern seismic interpretations. See text.
points). In fact the calculated thickness is much too thick compared with the modem, seismically determined thickness of 40 km a mismatch that illustrates a common problem when trying to interpret a specific situation in terms of a global average. Despite these uncertainties, a weak case can be made for a thinner crust during the late Oligocene and early Miocene than at present.
Another equally crude comparison suggests that the crust thickened during the time that the rocks in the four mapped quadrangles were being erupted. In general the late Oligocene and early Miocene rocks decrease in age across the Tower Rock and McCoy Peak quadrangles into the central part of the Greenhorn Buttes and French Butte quadrangles, owing to their presence on the east flank of the Pole Patch syncline. A broad generality about arcs is that the proportion of calc-alkaline to tholeiitic rocks is thought to increase with increasing crustal thickness (Miyashiro, 1974; Gill, 1981; Coulon and Thorpe, 1981; Karig and Kay, 1981; Leeman, 1983) . Examination of FeOVMgO vs. SiO2 plots (Swanson, 1989, fig. 11; Swanson, 1991, fig. 7 ; this paper, fig. 7 ) shows that the calc-alkaline series is represented by 35 percent of the analyses in the French Butte and Greenhorn Buttes quadrangles, where the rocks are younger, and 18 percent in the Tower Rock and McCoy Peak quadrangles, where the rocks are older. This pattern is consistent with thickening of the crust during the approximately 11.5 m.y. represented by the section. Furthermore, the roughly 12-Ma intrusive suite of Kidd Creek is decidedly calc-alkaline even more so than most of the earlier Tertiary rocks and might record still further crustal thickening. An important caveat to this reasoning is that in some arcs the tholeiitic and calcalkaline series erupt side by side (Miller and others, 1992) .
If the crust thickened during the 11.5-m.y. period, how much did it thicken? Simply on stratigraphic grounds the thickening could have been as much as 5 km, the amount of preserved section in the quadrangles (Swanson, 1991, this paper) . Intrusions into the crust could also have caused thickening. Crisp (1984, p. 177 and 199) found that "the ratios of intrusive to extrusive volumes for intracontinental and island arc settings are between 4:1 and 16:1" and average about 10:1. This surprisingly high and today still controversial ratio would suggest a corresponding increase in crustal thickness owing to intrusion of sills of about 20 km, a value obtained by reducing the stratigraphic thickness by 60 percent to adjust for differences in specific gravity between intrusive and erupted rocks and multiplying by 10. The net crustal thickening of 25 km in only 11.5 m.y. is outrageous. The calculated amount of thickening would be much less if a large proportion of the intruded volume consisted of equidimensional bodies such as plutons rather than sills. How much less depends on the unknown ratio of sills to more equant bodies. In any case, Crisp's models suggest that the crust should thicken substantially by intrusion during active arc volcanism.
Another way to thicken the crust is by tectonism. The high electrical conductivity of the SWCC has been interpreted to reflect the presence of marine sedimentary rocks with saline pore fluids (Stanley and others, 1987) , and the sedimentary rocks in turn have been interpreted as deposits of a forearc basin that was shoved eastward beneath the Cascadei» during subduction-related compression (Stanley and othtrs, 1987) . When the SWCC reached its present position is unclear. Possible thickening of the crust since the late Oligocene, and indeed between the late Oligocene and middle Miocene, is consistent with emplacement of the SWCC a nd with the broad folding along north-northwesttrending axes before intrusion of the Kidd Creek suite.
Com >arison of the results of this study, which is limited to the quadrangles that I have mapped, with the pooled set of chemical analyses obtained by Russ Eva its and me for all of the quadrangles shown in figure 1 and others farther west, results in a different conclusion regarding thickening of the cmst during the 35-18 m.y. period. Such pooling over a broad area does not show an increasingly large proportion of calc-alkaline rocks with decreasing age and hence does not support the interpretation of thickening crust wil b time. The discrepancy remains to be resolved between the limited but stratigraphically coherent data set on the east limb of the Pole Patch syncline and the pooled set that s >ans a longer period of time but also a much more widely distributed, less coherent stratigraphic section.
To summarize, the petrologic arguments allow no firm conclusions to be reached about changes in thickness of the crust. However, several independent though weak lines of evidence suggest that the crust thickened beneath the Cascade ire in southern Washington from late Oligocene to the presc nt. At least some of this thickening reasonably took place between about 30 Ma and 18 Ma, the time during Which the Tertiary volcanic rocks in the mapped quadrangles were forming; such thickening is suggested by the continuous section on the east flank of the Pole Patch syncline but is not suggested by a larger, more dispersed data set. Whether the thickening from the late Eocene to the present reflects deposition, intrusion, tectonism, or more likely a combination of all three cannot yet be read from the incomplete and confusing geologic record.
DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS
Qal Alluvium (Holocene and Pleistocene) Unconsolidated, moderately to well-sorted deposits of silt, sand, and gravel along major modern streams and on floors of some small cirques. Locally includes colluvium and drift (Crandell and Miller, 1974; Colman and Pierce, 1981) . Age late Pleistocene but otherwise uncertain; estimates range from about 60 ka (Crandell and Miller, 1974; Crandell, 1987) to 300 ka (Dethier, 1988) . Colman and Pierce (1981) prefer age of about 140 ka on basis of thickness of weathering rinds. Weathering-rind thickness not easily determined for many deposits in quadrangle, and some of these deposits could correlate with Evans Creek Drift, approximately 17-25 ka (Barnosky, 1984; Crandell, 1987) (Link, 1985) . Chemically similar to unit Thd in terms of relatively low TiO^ FeO*, and MnO, but contains more silicic compositions and Tdi possibly averages granodiorite in character (Link, 1985;  (Swanson, 1990) , which is most prominent in the southern part of the French Butte (Swanson, 1989) (Swanson, 1989) , where it is related to a north-trending vent complex best exposed in the prominent monolith, Pinto Rock Ttv Volcaniclastic rocks (Miocene and Oligocene) Lithic-and lesser pumice-lapilli tuff, fine-grained tuff, and bedded conglomerate, sandstone, siltstone, and lithic diamictite containing volcanic-derived clasts. Typically green but locally buff, white, or mauve. Different rock types interbedded at all scales, and attempts to map them separately proved unworkable. In general, however, lapilli tuff and tuff are most abundant in central and western parts of quadrangle (in the middle and upper part of the stratigraphic section) and epiclastic rocks are most abundant in the northeastern part of the quadrangle (lower part of section). Well-bedded, mostly epiclastic rocks are especially abundant on either side of Jumper Ridge and just south of Sunrise Peak. Pumice-and pumice-lithic-lapilli tuff, common farther west in the Greenhorn Buttes and French Butte quadrangles (Swanson, 1989) , is much less abundant in the McCoy Peak quadrangle, as also in the Tower Rock quadrangle (Swanson, 1991) . It is probably of ash-flow origin. Welding occurs but is not common. One prominent basal vitrophyre of a welded tuff occurs in northwest corner of quadrangle (shown on plate 1) and more obviously in adjacent French Butte quadrangle. Columnar welded tuff occurs in the mineralized area of upper Yellowjacket Creek, along a small creek 350 m southeast of elevation check point 2837 and 1.3 km south of Martin Creek ( fig. 2 ). Another welded(?) tuff is exposed in cut along Pinto Creek road just north of southern switchback above Yellowjacket Creek. Thickness of single lapilli-tuff beds ranges from several meters to more than 10 m. Typically plagioclase-phyric, with minor clinopyroxene; no hornblende and rare quartz. Lithic clasts are sparse to abundant and generally andesite or dacite in composition. Two prominent exposures of quartz-phyric rhyolitic ash-flow tuff occur low in the McCoy Creek drainage, one in road cut at site of chemical analysis 82 and the other along the small creek just north of Falls Creek ( fig. 2 ; analysis 83). The ash-flow tuff could not be traced laterally from either exposure. The two 30 Ta exposures may be in the same ash-flow tuff, because I have found no other quartz-phyric tuff in the quadrangle. Samples of the tuff near Falls Creek contain scattered small phenocrysts of brown biotite, however, whereas samples from the other site do not.
Bedded epiclastic rocks range in grain size from silt to gravel (dominantly sand), in sorting and rounding from poor to good, and in bed thickness from less than 1 cm to more than 50 cm (generally a few centimeters). Sedimentary structures, such as cross bedding, channels, and both normal and inverse size grading common. Clasts entirely of volcanic derivation, chiefly basaltic andesite and andesite but including dacite. Fossil wood, chiefly stems and twigs, plentiful locally. Detritus probably derived by reworking of freshly erupted debris or by erosion of slightly older volcanic rocks and deposited in fluvial environment.
Clasts in lithic diamictite range in size from sand to boulders. Wide range in degree of rounding, with angular boulders commonly mixed with rounded gravel and cobbles. Thickness of single beds typically several meters but ranges from 1 m to more than 15 m. Fossil wood abundant in some beds. Commonly interbedded with fluvial sandstone. Probably mostly of debris-flow origin.
Steep dips in unit 1 km southwest of Jumbo Peak occur in welded andesitic spatter and agglutinate that define remnants of two or more cones, probably part of a vent complex that erupted nearby andesite flows of unit Ta.
Unit locally includes andesite flows too thin to map separately and a 4-5-m-wide dike of lithic-lapilli tuff on north side of Snagtooth Mountain Andesite and basaltic andesite lava flows (Miocene and Oligocene) Fine-to mediumgrained, highly phyric (>20 percent) to slightly phyric (<5 percent), darkly hued, lava flows and associated basal and flow-top breccia of andesite and basaltic andesite. Flows typically 5-20 m thick, commonly platy and(or) columnar, with vesicular or amygdaloidal zones in many places. Phenocrysts are dominantly plagioclase, with less abundant clinopyroxene and hypersthene; most common phenocryst Td assemblage (with minerals listed in decreasing order of abundance) is plagioclase-clinopyroxene, followed by plagioclase-clinopyroxenehyper-sthene and plagioclase-hyperstheneclinopyroxene. Rare phenocrysts of olivine (typically altered to clay). Ground mass texture chiefly fine-grained intersertal or intergranular, with flow-aligned microlites common; very fine-grained pilotaxitic texture characterizes more silicic rocks. Fresh glass uncommon; glass generally altered to clay minerals. Compositions range from mafic basaltic andesite to dacite (table 1) . Dacite included in the unit resembles andesite in the field and generally in thin section and so was not mapped separately; it probably makes up less than 20 percent of the unit. In general basaltic andesite is more highly porphyritic than andesite, but exceptions are common. Andesite and basaltic andesite are interbedded and cannot be mapped separately short of analyzing each flow. Dikes and other intrusions of unit Tai probably fed some flows in this unit. Interbedded extensively with volcaniclastic rocks (unit Ttv) and includes some volcaniclastic beds too thin to map separately. Flows dominate section in southern two-thirds of quadrangle. Flows in Jumbo Peak-Dark Mountain-upper Quartz Creek area included in the "lava flows of Council Bluff by Hammond (1980) and "volcanic rocks of Council Bluff by Korosec (1987) , which east and south of quadrangle have yielded whole-rock K-Ar ages of about 26 Ma (Laursen and Hammond, 1979; Phillips and others, 1986; summarized in Korosec, 1987, Site of chemically analyzed sample of Link (1985) , with map number . See table 2 Site of radiometrically dated sample, with map number. Number refers to table 3
